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METHOD AND APPARATUS FOR EXTENDING POD^rT-TO-POINT/ 



ASYNCHRONOUS TRANSFER MODE SERVICES TO CLIENT COMPUTER SYSTFMS 



FIELD OF THE INVENTION 

The present invention relates to broadband modems. More specifically, the present 
invention relates to a method and apparatus for extending Point-to-Point Protocol 
(PPPyAsynchronous Transfer Mode (ATM) services to client computer systems, 

BACKGROUND OF THE INVENTION 

Broadband data transmission supports high bandwidth throughput through the use 
of multiple channels over a single transmission medium at one time. Multiple channels are 
supported on the single transmission medium through frequency division multiplexing. 

Broadband data transmission technologies include Integrated Services Digital Network 

y 

(ISDN) and Asymmetric Digital Subscriber Line (ADSL). 

ADSL is a new modem technology that converts existing twisted-pair telephone 
lines into access paths for multimedia and high speed data communications. ADSL 
supports data rates of up to 8 Mbps downstream to the user and up to L5 Mbps upstream 
from the user. An ADSL ckcuit connects an ADSL modem on each end of a twisted-pair 
telephone line, creating three information channels, a high speed downstream channel, a 
medium speed upstream channel, and a plain old telephone service (POTS) channel. 

Current ADSL modems that support ATM network technology require sufficient 
processing and memory resources in order to perform the necessary ATM signaling 
procedures and segmentation and reassembly (S AR) functionality. In addition, in order to 
support a point-to-point protocol for connecting a client system to the Internet, ADSL 
modems require sufficient processing and memory resources to run a Layer Two Tunneling 
Protocol (L2TP) over a User Datagram Protocol/Intemet Protocol. The L2TP enables 
Intemet service providers to operate virtual private networks (VPNs). Figure 1 illustrates 
the modules that a conventional ADSL modem 100 supports in providing PPP/ATM 
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services to a client computer system 160. The ADSL modem 100 supports an UDP/IP 
stack 1 10 and a L2TP stack 120 on a first side that is connected to the client computer 
system 160 via modem-client connection 150. The ADSL modem 100 also supports an 
ATM protocol stack 130 on a second side connected to the ADSL physical interface 140. 
The ATM protocol stack 130 includes an ATM layer 13 1, segmentation and re-assembly 
layer (SAR) 132, ATM adaptation layer (AAL) 133, and a signaling (SIG) layer 134. Data 
received from the ADSL physical interface 140 is processed by the ATM protocol stack 130 
on the ADSL modem 100 to retrieve raw data from the payload of an ATM cell. Similarly, 
data received from the client computer system 160 to be transmitted on the ADSL physical 
interface 140 is processed by the ATM protocol stack 130 on the ADSL modem 100 to 
appropriately format the data into ATM cells. 
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SUMMARY 

A method for managing an asynchronous transfer mode (ATM) cell is disclosed. 
The ATM cell is transmitted from a server system to a broadband modem. The ATM cell 
is forwarded from the broadband modem to a cHent system. 
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BRffiF DESCRIPTION OF THE DRAWINGS 



The present invention is illustrated by way of example and not by way of limitation 
in the figures of the accompanying drawings, in which the like references indicate similar 
elements in and in which: 

Figure 1 is a block diagram illustrating the modules that a conventional ADSL 
modem supports to provide PPP/ATM services to a client computer system; 

Figure 2 illustrates a network in which an embodiment of the present invention is 
implemented; 

Figure 3 is a block diagram of a computer system in which an embodiment of the 
present invention is implemented; 

Figure 4 illustrates a broadband modem access protocol unit implemented in a 
computer system according to an embodiment of the present invention; 

Figure 5 illustrates an ATM unit implemented in a computer system according to an 
embodiment of the present invention; 

Figure 6 illustrates a broadband modem access protocol unit implemented in a 
broadband modem according to an embodiment of the present invention; 

Figure 7 illustrates the modules that a broadband modem and computer system 
support to provide PPP/ATM service according to an embodiment of the present invention; 

Figure 8 is a flow chart illustrating a method for managing ATM cells according to 
an embodiment of the present invention; and 

Figure 9 is a flow chart that illustrates a method for managing a broadband modem 
according to an embodiment of the present invention. 
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DETAILED DESCRIPTION 

Figure 2 illustrates a network 200 in which an embodiment of the present invention 
is implemented. The network includes a first computer system 210 and a second computer 
system 220, Data is transmitted between the first computer system 2 10 and the second 
computer system 220 via transmission medium 250. The transmission medium 250 may 
be implemented by a twisted-pair telephone line utilizing ADSL technology, cable, or fiber 
optics. The data transmitted between the first computer system and the second computer 
system 220 is formatted using ATM multiplexing and switching method. The second 
computer system 220 is coupled to the transmission medium 250 via a broadband modem 
230. The broadband modem 230 is coupled to the second computer system via a first 
connection 235. The broadband modem 230 may be, for example, an ADSL modem, a 
cable modem, or other type of broadband modem. The first connection 235 may be an 
Ethernet connection, a Universal Serial Bus (Universal Serial Bus Specification, Revision 
LO, Jan. 1996) connection, an IEEE 1394 (IEEE Std. 1394-1995, Standard for a High 
Performance Serial Bus, Aug. 1996) connection, or other type of connection. The first 
computer system 210 is coupled to the transmission medium via a second connection 225. 
The second connection 225 may be a connection to the transmission medium 250 via a 
connection similar to the first connection 235 and the broadband modem 230. 
Alternatively, the second connection 225 may be a connection to an intermediary, such as a 
telephone company, that is coupled to the transmission medium 250, Conununication with 
the intermediary may be achieved through using a Synchronous Optical Network 
(SONET), Synchronous Digital Hierarchy (SDH), frame relay networking protocol, or 
other protocols. 

According to an embodiment of the present invention, the broadband modem 230 
operates as a communications peripheral rather dian a networking node to the second 
computer system 220. The broadband modem 230 operates as an interface between the 
first computer system 210 and the second computer system 220 without performing ATM 
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signaling procedures. The broadband modem 230 forwards ATM cells received from the 
first computer system 210 to the second computer system 220 without performing re- 
assembly procedures to retrieve data from the ATM cells' payload. Similarly, the 
broadband modem 230 transmits the ATM cells received from the second computer system 
220 to the first computer system 210 without performing segmentation procedures to 
construct the ATM cell. 

The first computer system 210 may be, for example, a server computer system or 
an Internet service provider (ISP). The second computer system 220 may be, for example, 
a client computer system such as a personal computer (PC) used at a home or office. It 
should also be appreciated that the data transmitted between the first computer system 210 
and die second computer system 220 may be formatted using odier multiplexing and 
switching methods. 

Figure 3 is a block diagram of the computer system 220 in which an embodiment of 
the present invention is implemented. The computer system 220 may be implemented as 
the second computer system 220 illustrated in Figure 2. The computer system 220 includes 
a processor 301 that processes data signals. The processor 301 may be a complex 
instruction set computer (CISC) microprocessor, a reduced instruction set computing 
(RISC) microprocessor, a very long instruction word (VLIW) microprocessor, a processor 
implementing a combination of instruction sets, or other processor device. Figure 3 shows 
an example of the present invention implemented on a single processor computer system 
220. However, it is understood that the present invention may be implemented in a 
computer system having multiple processors. The processor 301 is coupled to a CPU bus 
310 that transmits data signals between processor 301 and other components in the 
computer system 220. 

The computer system 220 includes a memory 313. The memory 313 may be a 
dynamic random access memory (DRAM) device, a static random access memory (SRAM) 
device, or other memory device. The memory 313 may store instructions and code 
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represented by data signals that may be executed by the processor 301. A cache memory 
302 resides inside processor 301 that stores data signals stored in memory 313. The cache 
302 speeds up memory accesses by the processor 301 by taking advantage of its locality of 
access. In an alternate embodiment of the computer system 220, the cache 302 resides 
external to the processor 301. 

A bridge memory controller 31 1 is coupled to the CPU bus 3 10 and the memory 
313. The bridge memory controller 31 1 directs data signals between the processor 301, the 
memory 313, and other components in the computer system 220 and bridges the data 
signals between the CPU bus 3 10, the memory 3 13, and a first I/O bus 320, 

The first I/O bus 320 may be a single bus or a combination of multiple buses. As 
an example, the first I/O bus 320 may comprise a Peripheral Component Interconnect (PCI) 
bus, a Personal Computer Memory Card International Association (PCMCIA) bus, a 
NuBus, or other buses. The first I/O bus 320 provides communication links between 
components in the computer system 220. A network controller 321 is coupled to the first 
I/O bus 320. The network controller 321 links the computer system 220 to a network of 
computers (not shown in Figure 3) and supports conraiunication among the machines. A 
display device controller 322 is coupled to the first I/O bus 320. The display device 
controller 322 allows coupling of a display device to the computer system 220 and acts as 
an interface between the display device and the computer system 220. The display device 
controller may be a monochrome display adapter (MD A) card, a color graphics adapter 
(CGA) card, an enhanced graphics adapter (EGA) card, an extended graphics array (XGA) 
card or other display device controller. The display device may be a television set, a 
computer monitor, a flat panel display or other display device. The display device receives 
data signals from the processor 301 through the display device controller 322 and displays 
the information and data signals to the user of the computer system 220. A video camera 
323 is coupled to the first FO bus 120. The video camera 323 operates to capture an image 
of an object. The video camera 323 may be a digital video camera having intemal digital 
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video capture hardware that translates the captured image into image data. The video 
camera 323 may be an analog video camera having digital video capture hardware external 
to the video camera 323 that digitized the captured image into image data. 

Connection 235 is coupled to the network controller 321 . The connection 235 
represents the first connection 235 shown in Figure 2. The connection 235 may be an 
Ethernet connection, a USB connection, an IEEE 1394 connection, or other type of 
connection. The network controller 321 couples the connection 235 with the first I/O bus 
320 and bridges signals between the first I/O bus 320 and the connection 235. A 
broadband modem 230 is coupled to the connection 235, It should be appreciated that the 
broadband modem 230 may be an ADSL modem, a cable modem or other type of 
broadband modem. 

A second 1^0 bus 330 may be a single bus or a combination of multiple buses. As 
an example, the second I/O bus 330 may comprise a PGI bus, a PCMCIA bus, a NuBus, 
an Industry Standard Architecture (ISA) bus, or other buses. The second I/O bus 330 
provides communication links between components in the computer system 220- A data 
storage device 331 is coupled to the second I/O bus 330. The data storage device 33 1 may 
be a hard disk drive, a floppy disk drive, a CD-ROM device, a flash memory device or 
other mass storage device. A keyboard interface 332 is coupled to the second I/O bus 330, 
The keyboard interface 332 may be a keyboard controller or other keyboard interface. The 
keyboard interface 332 may be a dedicated device or can reside in another device such as a 
bus controller or other controller. The keyboard interface 332 allows coupling of a 
keyboard to the computer system 220 and transmits data signals from a keyboard to the 
computer system 220. An audio controller 333 is coupled to the second I/O bus 330. The 
audio controller 333 operates to coordinate the recording and playing of sounds, 

A bus bridge 324 couples the first J/0 bus 320 to the second I/O bus 330. The bus 
bridge 324 operates to buffer and bridge data signals between the first I/O bus 320 and the 
second I/O bus 330. 
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The present invention is related to the use of the computer system 220 to manage a 
broadband modem. According to one embodiment, managing the broadband modem is 
performed by the computer system 220 in response to the processor 301 executing a 
sequence of instructions in main memory 313. Such instructions may be read into memory 
5 313 from another computer-readable medium, such as data storage device 33 1 , or from 
another source via the network controller 321. Execution of the sequence of instructions 
causes the processor 301 to manage the broadband modem, as will be described hereafter. 
In an alternate embodiment, hardwired circuitry may be used in place of or in combination 
with software instructions to implement the present invention. Thus, the present invention 
10 is not limited to any specific combination of hardware cfrcuitry and software. 

Figure 4 is a block diagram of a broadband modem access protocol (BMAP) unit 
ifl 400 according to an embodiment of the present invention. In a preferred embodiment of 

the present invention, the BMAP unit 400 is implemented by software and resides in main 
i|| memory 313 (shown in Rgure 3) as a sequence of instructions. It should be appreciated 
ijfl 15 that the BMAP unit 400 may also be implemented by hardware as components coupled to 
Q the bus 320 (shown in Figure 3) or a combination of both hardware and software. The 
n I BMAP unit 400 includes a modem identification unit 410. The modem identification unit 
i =4 410 identifies and selects a BMAP compliant broadband modem coupled to the connection 
235 (shown in Figures 2 and 3). According to the BMAP, the computer system 220 
20 (shown in Figure 2) is initially set at a DISCONNECT state. While in the disconnect state, 
the modem identification unit 410 transmits a DISCOVERY message every 
T_DISCOVERY seconds where T„DISCOVERY is a predefined period of time. The 
modem identification unit 410 transmits the DISCOVERY message using a Media Access 
Control (MAC) layer multicast address until a DISCOVERY ACKNOWLEDGE message 
25 from a broadband modem is received. Upon receiving the DISCOVERY 

ACKNOWLEDGE message, the modem identification unit 410 learns the individual MAC 
address of the broadband modem and establishes a binding with the broadband modem. 
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When multiple BMAP compliant broadband modems are coupled to the first connection 
235, the modem identification unit 410 selects one of the broadband modems to estabhsh a 
binding with and uses its corresponding MAC address for subsequent correspondences. 
The modem identification unit 410 transniits a TERMINATE message to the BMAP 
5 compliant broadband modems that are not selected. Upon receiving the DISCOVERY 
ACKNOWLEDGE message, the computer system 220 enters into a CONNECT state. 

Non-BMAP compliant computer systems and broadband modems require the local 
TP network on the first connection 235 to be properly configured as illustrated in Figure 1. 
This typically requires that an IP address be assigned to the broadband modem before an 
10 end-to-end PPP connection can be established. Home networks without routers and 
Dynamic Host Configuration Protocol (DHCP) servers will require manual configuration 
of a static IP address. The modem identification unit 410 facilitates modem identifik:ation 
without requiring a user to manually configure addresses. 
^§ A format negotiation unit 420 is coupled to the modem identification unit 410. The 

ijy 1 5 format negotiation unit 420 operates to identify the format in which the computer system 
Q 220 and the selected broadband modem should use to format data transmitted between the 

m units. The format negotiation unit 420 specifies a number of data formats in the order of 
Q preference that the computer system 220 is able to support in the DISCOVERY MESSAGE 
sent on the connection 235. The broadband modem specifies the subset of data formats it 
20 is able to support in the DISCOVERY ACKNOWLEDGE message. The data formats that 
may be specified by the computer system 220 may include ATM cells, cell header template 
and concatenated cell payloads, virtual path identifier/virtual channel identifier (VPWCI) 
and AAL5, or other data formats. 

A binding maintenance unit 430 is coupled to the format negotiation unit 420. The 
25 binding maintenance unit 430 operates to keep active a binding between the computer 

system 220 and a selected broadband modem. While in die CONNECT state, the binding 
maintenance unit 430 transmits a POLL message to the selected broadband modem every 
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T__POLL seconds where T_POLL is a predefined period of time. The binding maintenance 
unit 430 monitors the first connection 235 for a ROLLBACK message sent in response to 
the POLL message. If the binding maintenance unit 430 does not detect a POLL^ACK 
message after issuing a predefined number of POLL messages, the computer system 220 
5 will re-enter the DISCONNECT state. Either the computer system 220 or the broadband 
modem may terminate a binding by sending a TERMINATE message to the other party. 
Upon receiving the TERMINATE message, the computer system 220 or broadband modem 
will enter into the DISCONNECT state. 

A power management unit 440 is coupled to the binding maintenance unit 430. 
10 When the computer system 220 enters a power saving mode, it will no longer be capable of 
generating regular POLL messages to the broadband modem. The power management unit 
I* J 440 transmits a SLEEP message to the broadband modem prior to it entering the SLEEP 
: J: state. Upon receiving the SLEEP message, the broadbarid modem will enter into a SLEEP 

state and disable its activity timeout until either a wake-up pattem is sent to the computer 
15 system 220, or until the computer system 220 resumes sending data or POLL messages to 
Q the modem. The power management unit 440 also transmits a wake-up pattem to the 
fy broadband modem. Upon receiving the wake-up signal from the broadband modem, the 

a computer system 220 wiU exit the SLEEP state. 

A data transfer unit 450 is coupled to the power management unit 440, For data 
20 formatted as ATM cells, the ATM signaling procedures are performed on the computer 
system 220, The data transfer unit 450 transfers ATM cells to and from the broadband 
modem. For data formatted with cell header template and concatenated cell payloads, 
duplicate cell headers are removed with the rest of the operation remains the same as 
described above. 

25 It should be appreciated that the modem identification unit 410, format negotiation 

unit 420, binding maintenance unit 430, power management unit 440, and data transfer unit 
450 may be coupled together in an order different than that shown in Figure 4. The modem 
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identification unit 410, format negotiation unit 420, binding maintenance unit 430, power 
management unit 440, and data transfer unit 450 may be implemented using any known 
circuitry or technique. In an embodiment of die present invention where the BMAP unit 
400 is implemented in hardware, the modem identification unit 410, format negotiation unit 
5 420, binding maintenance unit 430, power management unit 440, and data transfer unit 450 
all reside on a single semiconductor substrate. 

Figure 5 is a block diagram of an ATM unit 500 according to an embodiment of die 
present invention. In a preferred embodiment of the present invention, the ATM unit 500 is 
implemented by software and resides in main memory 313 (shown in Figure 3) as a 
10 sequence of instructions. It should be appreciated that the ATM unit 500 may also be 
implemented by hardware as components coupled to the bus 320 (shown in Figure 3) or a 
combination of both hardware and software. The ATM unit 500 includes an ATM unit 
=|r 510. The ATM unit 5 10 operates to perform the functions of cell construction, cell 
|# reception and header validation, cell relaying, forwarding and copying, cell multiplexing 
^Sl 15 and demultiplexing, cell p^load type discrimination, and other functionalities. An SAR 
Q unit 520 is coupled to the ATM unit 5 10. The SAR unit 520 segments and re-assembles 
n data between the AAL convergence sublayer into the cell payloads of an ATM cell stream. 
Q An AAL unit 530 is coupled to the SAR unit 520. The AAL unit 530 defines the headers 

and trailers in an AAL packet. A SIG unit 540 is coupled to the AAL unit 530. TheSIG 
20 unit 540 sets up the virtual channels on which the ATM cell wiU be transmitted. 

It should be appreciated that the ATM unit 510, SAR unit 520, AAL unit 530, and 
SIG unit 540 may be coupled together in an order different than that shown in Figure 5. 
The ATM unit 5 10, SAR unit 520, AAL unit 530, and SIG unit 540 may be implemented 
using any known circuitry or technique. In an embodiment of the present invention where 
25 the ATM unit 500 is implemented in hardware, the ATM unit 5 10, SAR unit 520, AAL unit 
530, and SIG unit 540 all reside on a single semiconductor substrate. 
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Figure 6 illustrates a BMAP unit 600 implemented in the broadband modem 230 
(shown in Figures 2 and 3) according to an embodiment of the present invention. The 
BMAP unit 600 includes a modem identification unit 610, According to the BMAP, the 
broadband modem 230 is initially set at a DISCONNECT state. Upon receiving a 
5 DISCOVERY message from a computer system, the modem identification unit 610 

responds by transmitting a DISCOVERY.ACKNOWLEDGE message to the MAC address 
of the computer system. When the modem identification unit 610 receives DISCOVERY 
messages from more than one computer system, the modem identification unit 610 
responds to only one of the DISCOVERY messages. Upon receiving the DISCOVERY 
10 message, the broadband modem 230 enters into a CONNECT state. 

A format negotiation unit 620 is coupled to the modem identification unit 610. The 
format negotiation unit 620 receives the identity of data formats that die computer system is 
able to support from the DISCOVERY message. The format negotiation unit 620 specifies 
the subset of the data formats fliat the broadband modem 230 is able to support in the 
!|1 15 DISCOVERYJ\CKNOWIJEDGE message-that is tran^ 

3 A binding acknowledgment unit 630 is coupled to the format negotiation unit 620. 

In response to receiving POLL messages from the computer system, the binding 
acknowledgment unit 630 transmits a POLL_ACK message to the computer system. If 
there is no control or data messages received from the computer system after a third 
20 predefined period of time detected by an activity timer of die broadband modem 230, the 
binding is determined to be broken, and the broadband modem will re-enter into the 
DISCONNECT state. 

A power management unit 640 is coupled to the binding acknowledgment unit 630. 
The power management unit 640 puts the broadband modem into a SLEEP state in 
25 response to receiving a SLEEP message from the computer system. When a wake-up 
event such as an ATM incoming call arrives or upon receiving a DISCOVERY message 
from a non-binding computer system while in the SLEEP state, the power management unit 
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640 of the broadband modem 230 sends a wake-up pattem recorded in the SLEEP message 

to the computer system and drives the broadband modem 230 into the CONNECT state and 

starts its activity timer. If the activity timer expires, the broadband modem 230 will re-enter 

the DISCONNECT state and make itself available for other computer systenas. 
5 A data transfer unit 650 is coupled to the power management unit 640. The data 

transfer unit 650 transfers ATM cells between the transmission medium 250 (shown in 

Figures 2) and the connection 235 (shown in Figure 2). 

It should be appreciated that the modem identification unit 610, format negotiation 

unit 620, binding acknowledgment unit 630, power management unit 640, and data 
10 transfer unit 650 may be connected together in an order different than that shown in Figure 

6, The modem identification unit 610, format negotiation unit 620, binding 
'^U; acknowledgment unit 630, power management unit 640, and data transfer unit 650 may be 
If implemented by any known circuitry or technique. In an embodiment of the present 

invention where the BMAP unit 600 is implemented in hardware, the modem identification 
hM 15 unit 610, format negotiation unit 620, binding acknowledgment unit 630, power 
Q management unit 640, and data transfer unit 650 all reside on a single semiconductor 

substrate. 

13 Figure 7 illustrates the modules that the broadband modem 230 and computer 

system 220 support to provide PPF/ATM service according to an embodiment of the 

20 present invention. Unlike the conventional broadband modem 100 illustrated in Figure 1 , 
the broadband modem 230 of the present invention operates as a communications 
peripheral rather than a networking node. The broadband modem 230 operates as an 
interface between the first computer system 2 10 and the second computer system 220 
without performing ATM signaling procedures and S AR functionalities. The broadband 

25 modem 230 forwards ATM cells received from the computer system 2 10 to the 

transmission medium 250 without performing segmentation procedures to construct the 
ATM cell Similarly, the broadband modem 230 transmits the ATM cells received from the 
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transmission medium 250 to the computer system 210 without performing assembly 
procedures to receive data from the ATM cells' pay load. An ATM unit 710 on the 
broadband modem 230 also generates and verifies the header control (HEC) field in the 
ATM cell for upstream and downstream traffic. According to an embodiment of the present 
5 invention, the traditional ATM signaling procedures once performed by the signaling stack 
130 (shown in Figure 1) on conventional broadband modems 100 are performed by an 
ATM unit 500 on the computer system 220. Migrating the ATM signaling procedures onto 
the computer system allows PPP/ATM services to be extended to client computer systems 
without requiring L2TP and UDP/IP to be run on broadband modems. This reduces the 
10 hardware required for broadband modems and reduces connection and installation 

procedures necessary for extending PPP/ATM services to client computer systems. It 
'is should be appreciated that when the data format negotiated between the broadband modem 
=^P 230 and the computer system 220 is of the AAL5 format, a the SAR unit 520 would be 
■fl implemented on the broadband modem 230 instead of the computer system 220. 
I -fl 15 Figure 8 is a flow chart iUustrating a method for managing ATM cells according to 

Q an embodiment of the present invention. At step 80 1 , an ATM cell is transmitted froni a " 

r y server system to a broadband modem. According to an embodiment of the present 
r3 invention, the ATM cell may be transmitted over a telephone wire, a cable connection, or 
other transmission media. 
20 At step 802, the header error control (HEC) field in the ATM cell is checked for 

corruption before forwarding the ATM cell to the client system. 

At step 803, the ATM cell is transmitted from the broadband modem to a client 
system. According to an embodiment of the present invention, the ATM cell may be 
transmitted to the cUent system via an Ethernet connection, USB connection, IEEE 1394 
25 connection, or other connection. 

At step 804, the ATM cell is processed at the client computer system to retrieve 
raw data from a payload section of the ATM cell. 
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Figure 9 is a flow chart that illustrates a method for managing a broadband modem 
according to an embodiment of the present invention. At step 901, a broadband modem 
that is connected to a computer system is discovered. According to an embodiment of the 
present invention, discover may be achieved by transmitting a discovery signal over a 
connection and recording a media access control (MAC) address corresponding to the 
broadband modem that transmits a discovery acknowledge signal in response to the 
discovery signal. 

At step 902, a data format is negotiated with the broadband modem. The data 
formats may be negotiated by specifying a set of data formats that may be supported in the 
discovery signal, receiving a subset of data formats that are supportable by the broadband 
modem in the discovery acknowledge signal, and selecting one of the subset of data 
formats. 

At step 903, a binding between the computer system and the broadband modem is 
maintained. According to an embodiment of the present invention, the binding is 
maintained by sending a poll message to the broadband. 
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